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A Physics doctoral project seeks to reduce the uncertainty of inaccurate 
visual bridge inspections by producing a remote sensor program to determine 
and monitor the changes in health of a specified bridge.  The Eastern Parkway 
Bridge was determined as the first bridge to test.  As part of this project, a 
computer-aided analysis of the studied bridge was created using the simulation 
program ANSYS to assist in documenting the areas requiring the most attention.  
The model also offered supporting evidence to back the frequencies registered 
by the optical sensors to ensure proper functioning of the device.  Furthermore, 
the model provided a baseline of the health of the bridge to be used to 
determine if and where investigation is required after the bridge has suffered a 
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 ft = foot 
 ft2 = square foot 
 ft3 = cubic foot 
 lbf = pound-force 
 lbm = pound-mass 
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The regular inspection of bridges is an important part of maintaining its 
safety.  However, this is often completed as a visual inspection only, presenting 
the chance for a minor weakness to go unnoticed until a failure is inevitable. 
A Physics doctoral project seeks to reduce this uncertainty by producing a 
remote sensor program for determining the health of a specified bridge.  The 
optical sensor will be used from a distance to measure frequencies developed in 
the span of the bridge under the carrying loads moving across it.  The program 
then uses these frequencies to analyze the bridge and determine possible 
weaknesses and indicate any threat of failure. 
As part of this project, a computer-aided analysis of the studied bridge 
was desired.  The main goals of the model included documenting the areas 
requiring the most attention and offering supporting evidence to back the 
frequencies registered by the optical sensors to ensure proper functioning of the 
device.  Furthermore, the model provided a baseline of the health of the bridge.  
This can be used for comparison later, after the bridge has suffered a large 
impact or deterioration, to determine if and where investigation is required.  
These components of the project constitute the material of this thesis. 
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To satisfy the above objectives, certain outputs were determined to be 
necessary.  These included static deflections and local stresses, as well as the 
frequencies seen in the bridge, especially the resonant frequencies.  It was also 
important to determine how these properties changed under specific loads and 
where the properties were at the maximum values to determine the locations of 
potential failure points. 
The bridge being analyzed is a reinforced concrete arch bridge located on 
the campus of the University of Louisville.  It allows Eastern Parkway to pass 
over two small roads and a railroad track.  It was built in 1954 to help ease the 
traffic in and around the campus (“October 8” 1954).  In 2009, a project was 
begun to repair the rapidly deteriorating concrete structure and to renovate the 
decking to again ease traffic conditions (Starks 2011).  Pictures of the bridge and 
the construction can be seen in Appendix I.  Because of this construction, an 
opportunity was presented that allowed for the attachment an accelerometer so 
that frequencies generated by the construction could be calculated.  These 








II. LITERATURE REVIEW 
 
To complete the analysis, the simulation program ANSYS was utilized.  
The ANSYS program uses a finite element analysis (FEA) approach to solve for 
various engineering properties; for this paper, the desired properties include 
deflection, stress, and mode shapes under given load conditions.  
Past bridge analysis projects have also utilized ANSYS or another form of 
the finite element analysis.  A research project completed at the Université de 
Sherbrooke in Sherbrooke, Québec, Canada, used an FEA program, ANACAP, to 
compare the behavior of continuous or simply supported bridges constructed 
with traditional steel reinforcement and newer fiber reinforced polymers (FRP) 
composite reinforcement.  The concrete component was modeled by a 20-node 
iso-parametric brick element.  Rebar sub-elements were used for the 
reinforcements.  The bridge was divided into three longitudinal sections.  A finer 
mesh was applied to the center section, where the load was being applied, so 
that calculations would be accurate; the outer sections were given larger 
elements to avoid slowing the program.  Truck loads were incremental applied as 
pressures on the bridge, and only those configurations returning the maximum 
strains were used.  When the results of the FEA were compared to field test 
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findings, it was concluded that the FEA was an acceptable method to predict FRP 
composite reinforced bridge behavior (El-Ragaby et al. 2005). 
A study sponsored by the Virginia Transportation Research Council in 
1997 sought to determine an appropriate strategy for studying static and 
dynamic bridge responses.  The project included developing a software package 
that utilized standard ANSYS 5.0 features in an interactive setting specifically for 
bridge analysis.  Through this package, bridges could be modeled as one of three 
situations: as layers of plate and beam elements representing deck and girder 
components respectively, as a one-layer composite beam with beam elements 
only, or as a single-node layer made of both beam and shell elements.  For 
connections, all internal supports were assumed to be pins while the end 
supports were defined by the user.  Other properties of the bridge were chosen 
from several predetermined options.  For loading conditions, user had the choice 
between transient, modal, harmonic and static.  To ensure proper calculations, 
two bridges were modeled and field tested.  The results showed that the ANSYS 
models provided accurate representation of bridge responses (Barefoot 1997).  
Although the research described above used an older version of ANSYS, 
the modal application and results discussed in the Virginia Transportation paper 
were similar to the analysis necessary in the Eastern Parkway model and 
provided some insight for the analysis described below.  Furthermore, the paper 
demonstrated the fact that there are programs more specific to bridge 
applications.  For this thesis project, a student edition of ANSYS was already 
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provided, but in future bridge studies in which an FEA program is not readily 
available, a program designed for more specific application should perhaps be 
considered. 
A more recent ANSYS application was completed at the University of 
South Carolina and involved studying bridge superstructures to determine the 
effect of relative rigidity between the deck and other components through the 
manipulation of three areas: composite action, slenderness ratio and presence of 
diaphragms.  Research was completed on a 1/6.6-scale simply supported, 
reinforced concrete deck with support from four steel girders from a previous 
experimental study.  To model the bridge, a SOLID65 element was used for the 
deck, SHELL63 for the girders and LINK8 for the steel diaphragms.  The model 
was also designed to allow for nonlinear behavior and the presence of cracking 
and crushing.  To be certain of the accuracy of the model, results from the 
ANSYS calculations were compared to the experimental data collected from the 
previous study of the bridge.  This project provided an example of modeling the 
nonlinear behavior of reinforced concrete in ANSYS applications (Zhou et al. 
2004).  Although beyond the scope of this thesis, the method may prove 







III. DEVELOPING THE COMPUTER MODEL 
 
To begin analyzing the bridge in question, a computer model had to be 
created in ANSYS.  Because the highest priority in this project was identifying 
frequency and deflection in the spans, only the superstructure of the bridge was 
modeled.   
First, the type of geometric element had to be defined.  ANSYS has almost 
150 element options ranging from two-dimensional links and beams to model 
structures that have lengths that are significantly larger than its width to three-
dimensional solid and shell elements to model structures with lengths and widths 
that are much closer in size.  These are further classified by element shape, 
makeup and type of analysis (Moaveni 2003, 391-396).  For this project, the 
element SOLID65 was selected because it was specifically designed to model 
reinforced concrete.  It consisted of a brick, or cubic, shape with 8 nodes, one at 
each corner of the element (Moaveni 2003, 701-702).  It allows for nodal 
movement in all three dimensions as well as options for cracking, crushing, 
creep, and other concrete and steel properties (Moaveni 2003, 701-702).  
The bridge was divided into three sections based on the location of four 
expansion joints at Piers One, Four and Nine and Abutment Two; Appendix II 
includes an illustration of this layout.  It was assumed that these expansion joints 
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would absorb any movement between individual bridge sections.  Therefore, the 
bridge would act as three separate deck units and could be modeled as such.  






FIGURE 1 – Representations of ANSYS SOLID65 Element (Moaveni 2003, 394; 
ANSYS Release 12.1). 
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The ANSYS programming is written in such a way that measuring units 
must be uniform throughout the process.  It was determined that for this 
project, length would be measured in the unit of feet, force in kips, or 1,000 
pounds, and time in seconds.  Because ANSYS applied a gravitational 
acceleration to calculate the weight of the bridge, density units, originally given 
in kips or lbf, had to be adjusted to mass units, typically measured in mass-
pounds or lbm, by means of Equation 1, seen below (“Effect” 2011).   
 
        
     
          
 (1) 
 
Table I documents the units used (“Conversion” 2011).  These can also be 









Young’s Modulus kip/ft2 








Using a set of plans from the bridge reconstruction project, a cross-
section of half of the bridge was developed first.  Only half was needed as the 
bridge was symmetrical and could later be mirrored to create the full bridge 
deck.  The cross section was then extruded to a given length and height to 
create the volume and slope of the bridge deck.  Appendix III includes screen 
shots of this process. 
After the deck was finished, the beams were added.  These had to be 
finished in a process apart from the process above due to the arched nature.  
Because each arch had a unique radius and no information on the exact values 
of these radii were known, the arch was approximated. To do this, elevations 
were estimated for the top of each pier as well as at the highest point of each 
arch.  Connecting these points with a straight line produced an inverted “V” 
shape and thus represented important components of the arches.  When all of 
these features of the model were designed, the model was mirrored around the 
centerline, on the z-axis, to create the full cross-section of the bridge. 
Upon closer examination of the bridge itself, it was seen to have 
additional elements not noted in the construction plans.  These elements ran 
perpendicular to the beams at each pier location.  Because these supports 
offered a greater rigidity to the decking and therefore influenced the deformation 
of the deck under load, they were added to the model.  Figure 2 shows the 





The steel reinforcement of the bridge decking was added next.  ANSYS 
applies a “smearing” technique to represent the steel, which results in the 
volume ratio – the ratio of the volume of steel to the volume of the entire 
element –to be evenly distributed across the entire volume instead of grouped 
into individual bars at specific locations (Moaveni 2003, 702).  This 
superstructure had three distinct steel elements: the cross-sectional and 
longitudinal steel reinforcements in the decking and the steel reinforcement in 
 
FIGURE 2 – Finished ANSYS Computer Model Without Support Conditions 
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the beams below the decking.  There was also existing steel reinforcement that 
was noted in the reconstruction plans, but not specified further; therefore, it was 
assumed that this steel matched the new steel being placed and was included in 
the corresponding ratios.  The volume of steel of each of these elements per 
linear foot of the superstructure was calculated first, followed by the total 
volume.  See Appendix IV for these calculations.  These ratios, as well as the 
angles necessary to define the orientation of the bars, were entered in the 
program, as seen in Figure 3.  
Support configuration was determined by visual inspection of the bridge; 
no data was available on the construction and connection of the superstructure 
to the pier supports, so estimations had to be used.  Table II shows the 
connections for each pier; those in bold are the supports for the section 
discussed in this thesis.  
For a fixed connection, all degrees of freedom were held at zero units of 
displacement.  For a roller connection, the y- and z-axes were held were held at 
zero units of displacement.  The y-axis measures the vertical height of the 
superstructure.  The z-axis represents the width of the bridge and was held due 
to the nature of loading in the ANSYS program.  The programming in ANSYS 
does not allow for a user to easily apply a load perpendicular to a surface face.  
Because the bridge deck has a slight angle to allow for storm runoff, the truck 
loading was being applied to the minor angle, resulting in a displacement in the 




other factors were correctly entered, it was decided that holding the z-axis would 
cause negligible interference with the more important y-axis readings and was in 
fact a necessary alteration.  Figure 4 demonstrates the support conditions as 
entered in ANSYS.  Please note that the left edge of this model represents Pier 
 
FIGURE 3 – Steel Reinforcement Properties as Entered in ANSYS 
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Abutment 2 Fixed 
 
















As described above, ANSYS uses a mesh, or system of nodes and 
elements, to complete the calculations on the model.  The size of the mesh 
needed to be determined.  Meshing that was too large did not capture the small 
variations in the model and returned false values.  To find the correct sizing, 
multiple calculations were completed with each subsequent analysis using a 
slightly smaller size.  When the newest results became consistent with the values 
of the previous analysis, the correct size has been reached.  Using the sizing of 
the next to the last test analysis produced accurate results without slowing the 
program through an excessive use of nodes and elements.  Table III shows the 
percent change calculations used to make this decision.  Values were calculated 
using the “Iteration 4” load configuration, discussed later.  
For this model, the smart-sizing option in ANSYS was also utilized.  This 
applied preset mesh sizes to the model, simplifying the meshing process and 
eliminating much of the guess-and-check involved.  For this model, a smart-size 
mesh of six was applied to the structure.   
The loading used to simulate traffic crossing the bridge was based on the 
largest vehicle to cross the bridge: an 18-wheel semi-truck modeled by the 
AASHTO HS20-44 loading configuration.  The configuration included two four-kip 
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loads followed by two 16-kip loads at a distance of 14 feet and 44 feet from the 
first set of loads.  Each pair of loads was separated by a width of 6 feet (Tonias 











(ft) (kip/ft2) (kip/ft2) 
Smart Size 8 
Values 
-0.001173 7.018 146.232 
Smart Size 7 
Values 
-0.001216 5.309 141.252 
% Change 
between 7 & 8 
3.67% -24.35% -3.41% 
    
Smart Size 6 
Values 
-0.001216 5.888 146.399 
% Change 
between 6 & 7 
0.00% 10.91% 3.64% 
% Change 
between 6 & 8 
3.67% -16.10% 0.11% 
    
Smart Size 5 
Values 
-0.001217 5.886 146.254 
% Change 
between 5 & 6 
0.08% -0.03% -0.10% 
% Change 
between 5 & 7 
0.08% 10.87% 3.54% 
% Change 
between 5 & 8 
3.75% -16.13% 0.02% 
 




These loads were placed at strategic points along the bridge deck to 
mimic the movement of a truck across the bridge.   Because the maximum stress 
was a critical property to be identified and the maximum stress occurs with at 
least one of the truck loads at a support, loads were placed so that one pair of 
loads was always over a pier location.  Detailed maximum deflections were not 
needed, so no other loading configurations were solved.  Table IV details the 
iterations completed and the corresponding load configurations and Appendix V 
shows screen captures of these load configurations.  Please note that these 
 
FIGURE 5 – Finished ANSYS Model With Meshing Applied 
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configurations are simulating a truck moving east along the bridge, with Pier One 
located on the extreme left and Pier Four on the extreme right of the bridge 
section when viewing the bridge from the south side.  To obtain a resonant 
frequency value, a Block Lanczos method was used within the ANSYS program.  
Figures 6 and 7 show the settings used.  To confirm these results, several other 
methods were also applied: the PCG Lanczos and supernode methods.  These 
can be seen in Appendix XIII.  Both returned similar results, shown in screen 
captures in Appendix XIV.  
 
A. Obstacles to Calculations 
Multiple obstacles were encountered with the first attempts to calculate 
deflections and stress values.  As mentioned in the previous section, the roller 
supports had to be adjusted to remove unrealistically high horizontal 
displacement. 
One of the first setbacks during this process was determining how much 
of the superstructure had to be modeled for accurate calculations.  Originally, it 
was decided that only half the superstructure was needed because of its 
symmetry.  However, this method was rejected after speaking with Dr. Tom 
Baber and Dr. Kirk Martini at the University of Virginia; both professors 
expressed reservations, stating that it would be easier to model the entire 
superstructure.  Using only half the structure would require additional work in 
applying support and symmetrical conditions at the cut to accurately model 
reactions to the loading.  In addition, the symmetrical conditions would also 
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reflect the loads applied, resulting in reactions that included a truck moving 
upside down in the opposite lane.  Obviously this is an impossible situation and 







2 - 4 kip 
loads (front) 
2 - 16 kip 
loads (mid) 
2- 16 kip 
loads (back) 
1 No loading – reaction under self-weight 
2 Pier 1 N/A N/A 
3 
14 ft right of 
Pier 1 
Pier 1 N/A 
4 
44 ft right of 
Pier 1 
30 ft right of 
Pier 1 
Pier 1 
5 Pier 2 
14 ft left of 
Pier 2 
44 ft left of 
Pier 2 
6 
14 ft right of 
Pier 2 
Pier 2 
30 ft left of 
Pier 2 
7 
44 ft right of 
Pier 2 
30 ft right of 
Pier 2 
Pier 2 
8 Pier 3 
14 ft left of 
Pier 3 
44 ft left of 
Pier 3 
9 
14 ft right of 
Pier 3 
Pier 3 
30 ft left of 
Pier 3 
10 
44 ft right of 
Pier 3 
30 ft right of 
Pier 3 
Pier 3 
11 Pier 4 
14 ft left of 
Pier 4 
44 ft left of 
Pier 4 
12 N/A Pier 4 
30 ft left of 
Pier 4 
13 N/A N/A Pier 4 
 





FIGURE 6 – First Page of Settings for Block Lanczos Modal Analysis 
 
 




By modeling the entire superstructure of the bridge, additional nodes and 
elements were required to run the calculations.  The ANSYS program utilized 
during this project was a student edition utilizing the “Academic Teaching 
Advanced” license and therefore limited the number of nodes applied to 256,000 
per model.  For the purposes of this thesis, this limitation was not a problem.  
However, for modeling of the second and third bridge sections, the number of 
nodes required for accurate results was exceeded.  A larger version of the 









V. RESULTS & DISCUSSION 
 
Because it was unknown exactly what data would be needed for the 
baseline health of the bridge and for other analyses, a range of results were 
taken.  Completing a calculation in ANSYS was a time-consuming process and 
saving multiple complete calculations required a significant amount of available 
storage space.  For this reason, as much data as was determined necessary was 
saved in visual models and numerical lists for analysis at a later time; the actual 
ANSYS calculations were overwritten with the subsequent iteration or lost with 
the close of the program and therefore not available for later viewing.  
As indicated above, 13 calculations were completed.  For each load 
configuration, models were created to represent the following results: 
 Deformed Shape 
 Y-Component of Displacement (DOF Solution) 
 Y-Component of Stress 
 First Principal Stresses  
 Von Mises Stresses 
 Y-Component of Strain 
 First Principal Strains 
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Numerical lists were also saved for more detail.  These included 
displacement values at every node and the reaction solution at each support 
node.  These lists are not included in the thesis due to the sheer size of 
documenting such information and the corresponding detail. 
Table V lists some of the important solutions collected from the 
calculations.  Screen captures for every solution can be found in Appendices VI 
through XII.  
The frequency under no loading was determined by the Block Lanczos 





















Between 2 &3 
N/A 
51.336 
Beams b/w 2 & 3 
2 
-0.012942 
Between 2 &3 
0 
51.345 
Beams b/w 2 & 3 
3 
-0.012953 
Between 2 & 3 
-0.003722 
51.39 
Beams b/w 2 & 3 
4 
-0.012804 
Between 2 & 3 
-0.005222 
51.031 
Beams b/w 2 & 3 
5 
-0.012819 
Between 2 & 3 
-0.003707 
51.054 
Beams b/w 2 & 3 
6 
-0.013143 
Between 2 & 3 
-0.005325 
51.633 


















Beams under loads 
10 
-0.012479 
Between 2 & 3 
-0.002175 
49.679 
Beams b/w 2 & 3 
11 
-0.012494 
Between 2 & 3 
-0.002176 
49.758 
Beams b/w 2 & 3 
12 
-0.012514 
Between 2 & 3 
-0.002163 
50.047 
Beams b/w 2 & 3 
13 
-0.012936 
Between 2 & 3 
0 
51.324 
Beams b/w 2 & 3 
 







Based on the data collected, the area requiring the most attention for the 
first section of the bridge was the span between Piers Two and Three.  At this 
location, the deflections were consistently the highest values seen in the entire 
section.  This was understandable as it was also the longest span of the section.  
This specific span also deserves attention because of the stresses seen in the 
beams supporting the span.  Again, this area had the highest stress values under 
any of the loading conditions. 
As far as providing evidence to confirm the accuracy of the sensor 
readings, the model produced a frequency of 6.19 Hz, which was very similar to 
the 6 Hz measured by the optical sensor.  However, this section of the bridge 
cannot be used as the only evidence to support the sensor readings.  The 
remaining two sections will also need to be modeled and compared, especially 
since the frequencies calculated used the accelerometer readings produced in 
the second bridge section.   
Furthermore, the frequencies were generated by construction vehicles 
moving across the bridge.  ANSYS, however, calculated frequencies using an 
impact loading model, which may have produced a different frequency type.  The 
26 
 
fact that the frequencies are similar could be coincidental and need to be further 
studied before a definitive answer can be given. 
The data collected from the model also helped to provide a baseline for 
health of bridge.  Due to the scope of this thesis, further confirmation of the 
success of this goal cannot be given as there was no available data from the 
time of completion to before the start of this project.  Therefore, there was no 
method to confirm the accuracy of the model for the given condition of the 
bridge as compared to other stages of its life. 
 
A. Drawbacks of design 
This model is very limited in scope and should not be used for very 
specific, precise documentation.  Furthermore, some properties and dimensions 
remained unknown through the course of this project and therefore had to be 
estimated or assumed.  This creates a certain error in the calculations that 
prevents a truly precise and accurate representation of the behavior of the 
bridge. 
Errors can be traced to the following: 
 Distortion in the drawing scales on the construction plans as a 
result of multiple copying and reprinting of the plan set. 
 Estimations and approximations of arch radii, steel ratios, and 
other measurements of the bridge due to missing or unknown 
information, especially in those existing areas of the bridge that 
were not altered during construction. 
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 Approximations of concrete properties, such as density and 
Young’s modulus, due to lack of information. 
 Assumptions of the healthy and age of the bridge structure and 
the disregard of cracking and other possible weaknesses 
present in the bridge. 
 Assumptions of support conditions because of missing 
information relating to construction and connections of bridge 
superstructure to pier supports. 
 Assumptions of free support end conditions between the 
multiple segments of the bridge due to the presence of 
expansion gaps. 
 Use of “smearing” technique by ANSYS to model steel 
reinforcement rather than directly modeling each steel rebar 
within the structure. 
 Use of an elastic model to represent bridge behavior. 
 Use of a static load configuration rather than a moving mass to 
represent truck loads. 
 Round-off and human errors. 
These errors have the potential to significantly alter the results of the 
model.  By assuming free connections between the bridge sections, the 
possibility of influence of the neighboring sections was removed.  This limits the 
accuracy of the reported frequency values.  If the neighboring sections do in fact 
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have some effect on the studied section, the real frequencies seen in the desired 
section could be higher or lower because of the distortion created by the adding 
or canceling effects of the overlapping neighboring frequencies.  A very similar 
situation resulted from the use of static rather than dynamic loading. 
The age of the bridge also influences the real reactions of the bridge that 
may not be seen in the model.  The computer model used properties that are 
more relevant to newly constructed bridges and do not reflect the wear over 
time that reduces such properties.  Furthermore, some properties of the concrete 
and steel reinforcement were assumed.  All of these assumptions have the 
potential to increase the strength of the bridge and falsely improve its health, 
leading to reactions and results that may be lower in deflection and stress and 
higher in frequency than what is actually being seen in the bridge today.  It also 
distorts the baseline health and may result in overlooking a bridge failure 
because of misjudging the health of the bridge.  For more accurate results, the 
Young’s modulus could have been reduced to help account for the presence of 
cracking. 
Finally, the assumption of support conditions at each pier has the 
possibility to be problematic.  These support conditions significantly influence the 
movement of the bridge, and in consequence, the deflections and frequencies.  
It is also possible that the design of the bridge could be restricting moments at 
the supports, a condition not accounted for in the assumed support conditions.  
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If the moments are restricted in the actual bridge, the model would be 
demonstrating frequencies lower than the real values. 
The above possibilities for error provide evidence for the restricted use of 
the model.  If specific values or reactions are required, a much more detailed 





VII. RECOMMENDATIONS & FUTURE WORK 
 
Future work on this project will include similar studies on the two 
remaining bridge sections.  The longest span of the bridge, located between 
Piers Seven and Eight, will be especially important in this study because it will 
theoretically produce the largest deflections and stresses. This is also the 
location of the accelerometer and will provide important data for comparison. 
If additional precision is needed from the models, cracks and other 
weaknesses should be introduced into the model.  A dynamic load configuration 
will also be necessary.  These additions will allow researchers to begin modeling 
deterioration of the health of the bridge over time.  It will also present evidence 
of how the properties and behavior of the structure will change under such 
common conditions.   
For research beyond this particular bridge, other modeling and simulation 
programs should be considered.  Suggestions include STAAD and SAP, which are 
more user-friendly and more specialized to this type of analysis.  These programs 
were not used this time due to lack of comfort and the particular construction of 
bridge.  Other programs may be much more appropriate for a simple steel bridge 
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FIGURE 9 – West End of Eastern Parkway Bridge As Viewed From South Brook 











FIGURE 11 – Piers One Through Four of Eastern Parkway Bridge As Viewed 






FIGURE 12 – Abutment One and Pier One of Eastern Parkway Bridge As 





FIGURE 13 – Piers One and Two of Eastern Parkway Bridge As Viewed From 





FIGURE 14 – Piers Three Through Seven of Eastern Parkway Bridge As Viewed 





FIGURE 15 – Piers Three Through End of Eastern Parkway Bridge As Viewed 













FIGURE 17 – Accelerometer Placed Between Piers Five And Six As Viewed 





FIGURE 18 – Surface of Eastern Parkway Bridge As Viewed From Northwest 





FIGURE 19 – Surface of Eastern Parkway Bridge As Viewed From Southwest 





FIGURE 20 – Piers One Through Three of Eastern Parkway Bridge As Viewed 





FIGURE 21 – Piers One Through Six of Eastern Parkway Bridge As Viewed 













PREPARATION AND INITIAL PROPERTIES IN ANSYS 
 
 
FIGURE 23 – Pier Layout With Abutment One At The West End And Abutment 













FIGURE 25 – Screen Capture of Steel Properties Used in ANSYS Calculations 
 
 










FIGURE 27 – Screen Capture of Gravitational Acceleration Used in ANSYS 
Calculations 
 







SCREEN CAPTURES OF MODELING PROCESS 
 
 






FIGURE 30 – Second Step of Modeling Showing Extrusion of Half Cross-





FIGURE 31 – Third Step of Modeling Showing Addition of Beams From South 





FIGURE 32 - Third Step of Modeling Showing Addition of Beams From 





FIGURE 33 – Isometric View of Third Step of Modeling Showing Half the 













FIGURE 35 – Final Step of Modeling Showing Full Cross-Section of Model with 






























STEEL REINFORCEMENT CALCULATIONS 
 
Volume of Decking (per linear foot) = 53.3 ft^3 
Volume of All Beams (per linear foot) = 25.7 ft^3 
Volume of Cross-Sectional Steel (per linear foot of decking) = 0.187 ft^3 
Volume of Longitudinal Steel (per linear foot of decking) = 0.189 ft^3 
Volume of Steel (per linear foot of beams) = 0.0861 ft^3 
 
Calculating Volume Ratios for Cross-Sectional Steel: 
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Calculating Volume Rations of Longitudinal Steel: 
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Calculating Volume Ratios for Steel in Beams: 
 
               
                
 
          
        




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FIGURE 208 – First Page of Settings for PCG Lanczos Modal Analysis As 





FIGURE 209 – Second Page of Settings for PCG Lanczos Modal Analysis As 

















FIGURE 211 – Second Page of Settings for Supernode Modal Analysis As 










FIGURE 212 – First Mode Shape As Calculated by the Block Lanczos and PCG 





FIGURE 213 – Second Mode Shape As Calculated by the Block Lanczos and 
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